Abstract:
a speech disturbance, but rather, may have lexical status similar to other English words (Clark & Fox Tree, 2002) . Presumably, lexical status would enable a higher degree of strategic control over the production of such utterances. It has been demonstrated that speech content is easier to control than nonverbal behaviour during deception (DePaulo & Kirkendol, 1989) .
In studies unrelated to deception, speakers can and do successfully reduce their usage of 'um' through conscious control (Clark & Fox Tree, 2002; Kowal et al., 1997) .
The Importance of Examining 'um' as a Stand Alone Variable
Importantly, 'um' and other types of utterances such as 'uh' may serve divergent communicative functions. For instance, Smith and Clark (1993) proposed that 'um' and 'uh' differ from each other in the length of the delay they signal -perhaps in order to better inform the listener of subsequent information. Specifically, 'um' signals a long delay and 'uh' signals a short delay. Furthermore, 'um' tends to occur more frequently at the beginning of a sentence and is used more often when additional delays are anticipated. Thus, despite the common perception that 'um', 'uh' and other such utterances are interchangeable in that they serve the same function, in reality, they may not be. In the deception literature, 'um' has almost always been operationalised in combination with other utterances such as 'uh', 'er' and 'mmh'.
The work of Kasl and Mahl (1965) , in a study unrelated to deception, appears to be the genesis for this particular taxonomy. In their study of the relationship between speech hesitations and anxiety, Kasl and Mahl claimed that 'um', 'eh' and 'er' are variants of 'ah'. They combined these utterances to form a single variable they labelled "ah disturbances" (p. 426). In contrast, they labeled sentence changes, repetitions, stutters, tongue slips, sentence incompletions, word omissions and incoherent sounds as "non-ah speech disturbances" (p.
430). In the deception literature there are a number of references to this particular taxonomy and it appears to have been widely applied in the investigation of speech disfluencies and pauses (e.g., Bond 2008; Bond, Kahler, & Paulicelli, 1984; DePaulo et al., 1982; DePaulo et al., 2003; Kraut, 1978; Kraut & Poe, 1980; Riggio & Friedman, 1983; Vrij, Akehurst, Soukara, & Bull, 2004; Vrij et al., 2000; Vrij & Mann, 2001) . Consequently, the grouping of 'ah', 'er', 'mmh' and 'um' together has been routinely accepted in the deception literature, and perpetuated from study to study. However, during the past five decades the field of psycholinguistics has produced some important findings regarding the role of so-called fillers such as 'um'. As a result, some of the assumptions in the work of Kasl and Mahl may benefit from a reappraisal in light of this contemporary knowledge. We contend that grouping 'ah', 'er', 'mmh' and 'um' together may be obscuring the discriminative ability of 'um' where deceptive language is concerned.
To illustrate, consider three studies which have examined 'um' in real-life high-stakes lying (Davis, Markus, Walters, Vorus, & Connors, 2005; Mann, Vrij, & Bull, 2002; Vrij & Mann, 2001 ). Vrij and Mann (2001) , in their study of a convicted murderer who later confessed to the crime, found no significant difference in the frequency of what they labeled 'uh disturbances': "frequency of saying 'uh' or 'mmm' between words" (p. 192) . It is unclear whether 'um' was also included as an 'uh disturbance'. In a subsequent study, in which Mann et al. (2002) examined the verbal and nonverbal behaviour of 16 suspects during police interviews, 'um' may have been included in a broader category labeled 'speech disturbances': "frequency of saying "ah" or "mmm", etc. between words, frequency of word and/or sentence repetition, sentence change, sentence incompletion, stutters etc." (p. 370). Mann et al. (2002) found no significant differences between lying and truth telling on this variable. Similarly, Davis et al. (2005) grouped 'um' with "uhs, sighs, gutturals" (p.691) under the heading of 'non-lexical sounds'. This variable was positively associated with truthful utterances. The authors suggested that the discriminative ability of these 'non-lexical sounds' may have emerged in this study because, unlike previous studies, these sounds had been measured separately from "other forms of speech disturbance" (p. 700), such as word/phrase repetition, sentence incompletion, stutters and so on. They recommend that, in future studies, 'um's, 'uh's, sighs and gutturals be measured together as a separate variable from other speech disturbances. We posit that 'um' be measured independently.
To further illustrate, consider two frequently cited meta-analyses of cues to deception (DePaulo et al., 2003; Sporer & Schwandt, 2006) . In the first of these, DePaulo et al. (2003) examined 14 studies to conclude that the 'fluency' category of 'filled pauses' (defined as "utterances such as 'ah', 'um', 'er', 'uh', and 'hmmm'", p. 114) is not a reliable indicator of deception. However, several of those studies did not specify whether 'um' was included in their analysis (Bond, Kahler, & Paolicelli, 1985; Bond, Omar, Mahmoud, & Bonser, 1990; Cody, Lee, & Chao, 1989; Hocking & Leathers, 1980; Riggio & Friedman, 1983; Vrij, 1995; Vrij & Heaven, 1999; Vrij & Winkel, 1990) . Of the remaining studies that did specify the inclusion of 'um', it formed part of a composite variable with other so-called fillers such as 'uh', 'er', 'mmh' and occasionally with sighs, guttural sounds, false starts and the like (DePaulo et al., 1982; Feeley & deTurck, 1998; Knapp, Hart, & Dennis, 1974; Miller, DeTurck, & Kalbfleisch 1983; Porter & Yuille, 1996) . None of the studies in this metaanalysis included a measure of 'um' as a variable in its own right.
In the second meta-analysis Sporer and Schwandt (2006) DePaulo et al. 1982; Ebesu & Miller, 1994; Knapp et al., 1974; Kraut, 1978; Vrij & Winkel, 1991) examined filled pauses and none of these measured 'um' as a variable in its own right.
Once again, effects for 'um' may have been obscured.
A search of the deception literature between the years of 1994 and 2009, using databases from a range of disciplines including psychology, linguistics and computer sciences, revealed that only two published studies (Arciuli et al., in press; Benus et al., 2006) have measured 'um' as a variable separate from the others with which it is commonly grouped.
The findings from our laboratory based study, in addition to the findings of Benus et al. (2006) suggest that when 'um' is measured independently of other variables, its increased usage is associated with truth relative to lies. However, both of these studies examined only low-stakes lies. Due to the practical and ethical difficulties associated with investigating reallife high-stakes lies, very few studies have been able to provide comparative data to demonstrate that the same patterns of behaviour are seen across a variety of types of lies.
Several authors have noted that cues to deception may be moderated by how motivated the deceiver is to evade detection and it is possible that the indicators of deceit that are observed in low-stakes lies will be different to those observed in high-stakes lies (e.g., Burgoon & Floyd, 2000; DePaulo et al., 2003; Hancock, Curry, Goorha, & Woodworth, 2008) .
In summary, operationalising 'um' in combination with other variables may obscure the discriminative utility of this variable. The present research was designed as a companion study for our recent investigation of the use of 'um' during low stakes lies, in order to further explore the discriminative ability of 'um' in the real-life high-stakes lies of a convicted murderer.
Predictions of the Current Study
As our recent research revealed significantly decreased use of 'um' during deception in laboratory elicited lies (Arciuli et al., in press), we expected that 'um' might be observed less frequently in Peterson's deceptive language, although it was an open empirical question as to whether patterns seen in low stakes lies would also be seen in high stakes lies. Given the ubiquitous nature of 'um' in everyday language, we predicted that any discriminative utility of 'um' would be apparent in both Peterson's private telephone conversations with his mistress (i.e., the Frey Tapes) and his media interviews.
Method
Design. It is a non-trivial task to establish ground truth in research that is conducted using real-life high-stakes lies that were elicited outside of the laboratory. In the current study, in order to establish which stimuli are truthful and which were not, determinations of veracity were not based on verdict. Rather, we included only those utterances which could be firmly established as either truth or lie by independent information. First, it was necessary to separate the data into two sub-sets for separate analysis (Frey Tapes and Media Interviews) because the production contexts may have differed in several ways. For instance, it may be a more complex task to attempt to successfully evade detection in the audio-visual modality (television interviews) compared with the audio modality alone (taped phone calls). Specifically, on television both verbal and nonverbal behaviour is on display. Second, it is not known whether Scott Peterson may have prepared more for the televised interviews compared with the telephone conversations. There is some suggestion that Peterson employed a media consultant to coach him in preparation for his public television appearances. As a result, some of his responses may have been partially scripted or rehearsed and, depending upon the questions Peterson anticipated being asked, this may have impacted upon the cues to deception that were observed. Third, the target of the deception (his mistress Amber Frey versus interviewer/millions of viewers) and the subsequent interpersonal use of language may have differed between contexts. Lastly, the content differed somewhat between production contexts. (recorded over a period of 5 weeks), all of which were admitted as evidence at trial, formed the data for this study. Peterson did not actually testify at his own trial, so there were no samples of testimony speech data for examination. However the trial transcript itself was still required in the analysis for verification purposes: it was used to isolate segments in Peterson's speech that were subsequently identified as truth or lie at trial.
Procedure.
A single person coded the data using the procedures outlined in our earlier paper (Arciuli et al., in press ). Prior to analysis of the speech data, each of the transcripts was compared to the original audio of the interviews (where these were available) and telephone conversations to ensure they were a complete and accurate record of the interviews.
Consistent with the methodology used by Vrij and Mann (2001) , Mann et al. (2002) and Davis et al. (2005) , portions of each interview and telephone conversation that could be verified as being truth or lie, were identified in the data. This involved a meticulous reading of each of the media and wiretap transcripts to isolate any utterances that could be strongly supported, by evidence presented at trial or from another reputable source, as either truthful or deceptive. Deceptive utterances were identified as those samples of speech where information was manufactured, hidden or manipulated.
Consistent with the methodology originally employed by Mann et al. (2002) , fragments were isolated so as to ensure any uncorroborated material or topic changes were excluded.
Consequently, fragments were of varying length and independent of sentence structure to some extent. The majority of speech data available in the interviews were discarded because there was no way of corroborating it as truth or lie. For instance, it is impossible to verify she is, um and it allows us to um get back to looking for Laci". Clearly this segment must be discarded because we cannot know whether this was Peterson's true opinion or not.
Each sample was coded for the presence of the target variable 'um' using Wmatrix (Rayson, 2008) , a web-based interface tool for linguistic analysis of English text which generates word frequency profiles from a concordance of each sample. The presence of 'um' in each of the four conditions was calculated as a percentage of the total number of words per sample.
Results
The sample sizes of each of the four conditions (measured as the total number of words per condition) differed: n = 180 words for the media interviews/deception condition, n = 690 for the media interviews/truth condition, n = 840 for the Frey tapes/deception condition and n = 1,018 for the Frey tapes/truth condition. Table 1 provides examples of speech from each condition. Table 1 -
To test the discriminative utility of 'um', word frequency profiles were generated for each sample and analysed using the log likelihood ratio (LR) test. LR in the present study refers to the logarithm of the ratio between the likelihood that the truthful and deceptive speech inputs from the participant have the same linguistic profile and the likelihood that the linguistic profiles differ from each other. LR is less likely to overestimate significance than traditional statistical tests such as z-ratios that rely upon assumptions of a normal distribution. Of particular relevance to the present study, LR has the added benefit of being suitable for comparison of texts of differing lengths (Dunning, 1993; Rayson, Berridge, & Francis, 2004) .
The frequency of 'um' as a percentage of the total number of words in each of the four conditions, including confidence intervals as an indication of the true range in which the effect is likely to occur, is shown in Table 2 . Table 2 -
The critical value for LR (Λ) at an alpha of .05 was calculated at 3.84. Log linear comparisons of the presence of 'um' revealed there was a significant main effect of veracity, with lying accompanied by fewer 'um's (.25%) compared to during truth-telling (7.45%) (Λ = 108.89, df = 1, p = .000). The main effect of speech production modality was not significant, with only marginally more 'um's appearing during the media interviews (4.37%) than during the Frey tapes (4.25%) (Λ = .02, df = 1, p = .89). There was no significant interaction between veracity and speech production conditions (Λ = .10, df = 1, p = .75).
Discussion
Humans are ineffective lie detectors, thus, researchers have focused their attention on identifying objective quantifiable cues to deception. There is a growing body of evidence suggesting a link between language and deceptive behaviours (Newman, Pennebaker, Berry, & Richards, 2003; Zhou et al., 2004) , although questions remain regarding the nature and role of particular linguistic cues, especially in real-life high-stakes circumstances. Here, we analysed the use of 'um' in the truthful and deceptive speech of a convicted murderer in two different production contexts (media interviews versus personal telephone conversations).
There are two possibilities regarding the use of 'um'. One hypothesis predicts more frequent use of 'um' during deceptive compared to truthful speech, possibly in response to speech-planning problems associated with the additional emotional and/or cognitive processing demands generated by lying (e.g., Vrij et al., 2000) . The alternative hypothesis predicts less frequent use of 'um' during deceptive speech, possibly because the sender attempts to strategically plan and monitor the content of the message to prevent such interjections (e.g., Johnson et al., 2008) . The findings of the current study supported the latter hypothesis with 'um' observed less frequently in deceptive compared with truthful speech.
This effect was observed in both production contexts of informal telephone conversations and more formal media interviews. Overall, these results are in line with our recent study examining low-stakes laboratory elicited lies relative to truth (Arciuli et al., in press) , which demonstrated that the increased use of 'um' is negatively associated with deception.
There is a folk belief that 'um' is a marker of uncertainty and, particularly, of deceptive behaviour. Thus, its reduced usage during deceptive speech may indicate that the speaker is attempting to control the frequency of 'um' in order to appear more credible. Data from the present study emphasise the strategic nature of deceptive behaviour. Furthermore, our findings suggest that rather than representing a speech error or disfluency, 'um' may be more accurately viewed as a word (such as an interjection), used thoughtfully and purposefully, and under the strategic control of the speaker. It would be valuable for future studies to consider whether 'um' should indeed be (re)conceptualised as a lexical term, with all the accompanying lexical properties of phonology, prosody, syntax, semantics and pragmatics.
Note that the effects observed here, whilst striking from a statistical viewpoint, are rather subtle from the perspective of the human observer. However, 'um' offers the key advantage of being well-suited to automatic parsing of transcribed speech (as just like any other word 'um' can be identified and counted using basic concordance systems). Thus, once transcribed, 'um' can be systematically and objectively identified and tracked, for later comparison with baseline speech samples from the same individual.
There are some limitations associated with the current study that are specific to the case itself, and also speak to the methodological challenges implicit in research on real-life lies.
Within the media interviews, it is unclear whether there were any practice effects from interview to interview; however there is research to suggest that contrary to commonly held beliefs by forensic investigators, verbal cues to deception may remain fairly stable over repeated interrogations (Granhag & Strömwall, 2002) . Additionally, there are temporal issues to consider in this data -the telephone conversation speech data span a four week period and the interview data span a two day period. Lastly, it is acknowledged that a single-case design has some disadvantages, namely, in terms of generalisability to other persons. However, the current research is intended as a companion study for our recent laboratory study (Arciuli et al., in press ). Moreover, reporting on case studies is a long and well-accepted tradition, a method that provides rich contextual information, which may otherwise be obscured in large group comparison designs (Yin, 2003) . Important findings have emerged in psycholinguistics using this methodology (e.g., the seminal work of Garrard, Maloney, Hodges, & Patterson, 2005 , that revealed linguistic markers of cognitive decline in dementia). Case studies such as the present one provide the unique opportunity to investigate real-life high-stakes lies elicited from circumstances which are ethically and practically impossible to simulate in the laboratory.
It is well accepted that there are linguistic behaviours which mark the likelihood of the presence of deception. The current study demonstrates in a real-world forensic context the discriminative ability of the use of 'um'. The results suggest that in an attempt to successfully deceive, humans may strategically alter their linguistic behaviour. Furthermore, these findings suggest that a (re)conceptualisation of 'um' as a lexical term which is under the control of the speaker, as opposed to an unplanned speech error or filler, warrants further investigation. 
